The paper examines the impact of margins, adjusted for underlying price risk proxied by market volatility, on trading volume and at the same time incorporates the relationship between trading volume, and price volatility documented in equities and futures markets. The study estimates bivariate GARCH-M models to take account of the inter-relationships and applies them to the Greek derivatives market over the period 1999-2005. The results show that when adjusting margins for market risk there is no impact on trading volume, casting doubts on the results of previous research, and providing support for the view that margin requirements are used only as a mechanism to prevent trader default.
Introduction
In futures contracts traders are not required to put up the entire value of a contract but to post a margin that is typically between 2% and 10%. Unlike stock margins, margins in the futures markets are not down payments, but are performance bonds that are designed to ensure that traders can meet their financial obligations.
1 A substantial amount of research on margin requirements has been on the relationship between margin requirements and trading volume. The empirical evidence however has generally failed to document a strong inverse association as theory suggests. According to Dutt and Wein (2003) the reason for that is because previous research has failed to consider empirically, although discussed the rationale for it, 2 that exchange margin committees change margins when they believe that market risk has changed. For example, if price volatility increases, the exchange margin committee will raise margins in response to the increase in market risk 3 and that will have a negative impact on volume since margins are a cost to the trader. 4 However, the increase in price volatility is likely to increase trading volume at the same time (see e.g. Jacobs & Onochie, 1998) . Since the two effects on volume are of opposite sign, the predicted impact of a margin increase will be ambiguous.
The aim of this study is to provide further empirical evidence on the effects of margin changes on trading volume. The main contribution of the paper to the literature is that it adjusts margins for underlying price risk proxied by market volatility as suggested by Dutt and Wein (2003) , and at the same time incorporates the relationship between trading volume and price volatility, which is widely documented in equities and futures markets. The study is novel in that it employs a new econometric methodology to allow for these inter-relationships, which was not considered in previous empirical research. It 1 estimates bivariate GARCH-M models, 5 which allow for autocorrelation in the first and second moments, for nonlinearities in the second moments, provide a means for estimating a risk premium and have the advantages of avoiding simultaneity bias with regard to the relationship between volume and price volatility.
The tests are also conducted on the stock index futures of the Greek derivatives market, a newly established market, which has been rapidly expanding to match that of its European counterparts during a time when the Greek economy and financial markets were experiencing important developments and undergoing significant changes. 6 This issue has never been examined before in the context of the Greek derivatives market. In particular, the study conducts the tests on a large-capitalisation index futures contract (i.e.
FTSE/ASE 20 Index) comprising of the 20 largest stocks in terms of market capitalisation and liquidity. Previous studies, such as Adrangi and Chatrath (1999) , Chatrath, Adrangi and Allender (2001) , and Dutt and Wein (2003) , have primarily focused on individual financial and/or commodity futures contracts.
In summary, our investigation has the following main objectives: (i) to examine whether changes in margin requirements have significantly affected trading volume; (ii) to investigate the effects of margin changes on trading volume, after adjusting margins for underlying price risk, and (iii) to incorporate in the analysis of the effects of margin changes on trading volume the empirical regularity of a positive contemporaneous correlation between trading volume and price volatility.
The remaining of the paper is organised as follows. Section 2 reviews the literature on the effects of margin requirements on trading volume in the futures markets, and the relationship between trading volume and price volatility. Section 3 provides a brief discussion of the establishment and development of the Greek derivatives market.
Section 4 describes the univariate and bivariate GARCH-M models, which are employed to examine the effects of margin changes on trading volume. This section also sets up the hypotheses to be tested. Section 5 describes the data and presents the empirical results.
The final section summarises the empirical findings and presents the main policy conclusions.
Literature review
Previous literature has found little evidence of an inverse association between margins and volume although it has documented a small inverse relationship with respect to open interest. Fishe and Goldberg (1986) Other empirical studies have also failed to identify statistically significant inverse relationships between margins and volume. For example, Hartzmark (1986) investigated 13 contract days calculating whether volume changed significantly from 15 days before to 15 days following the change. He found that in only 4 of 13 occurrences did volume move negatively and significantly in the opposite direction. As a result, the association between margins and volume is also weak over the longer period and does not support the assertion that increased margin requirements will reduce trading volume.
More recently Dutt and Wein (2003) when examining 3 financial futures contracts (gold, Dow Jones and 10-year Treasury Notes) and 3 agricultural futures contracts (wheat, corn and oats) over a 17-year time period found statistically positive and/or insignificant relationships between volume and margin changes, as it was the case in previous research. However, after adjusting margins for underlying price risk, using variability estimates calculated as the variance of the daily settlement price changes for 20 days before and 20 days after each margin change, they find a statistically significant inverse relationship between margin changes and trading volume in all 6 futures contracts. Furthermore, the effect is more evident in financials than in the more traditional agricultural futures contracts.
Our study draws also from another strand of literature, which examined the relationship between trading volume and volatility. Several studies have documented a positive contemporaneous correlation including the seminal paper by Karpoff (1987) , Schwert (1989) , and Lamoureux and Lastrapes (1991) , who were the first to use GARCH-type volatility specifications, and Gallant, Rossi and Tauchen (1992) , who used nonparametric methods. In the Greek context Phylaktis, Kavussanos and Manalis (1996) investigated the relationship between volume and volatility in the Athens Stock Exchange Bessembinder and Seguin (1993) examined 8 U.S. futures contracts using OLS, and found that unexpected volume shocks have a significant positive effect on volatility.
Jacobs and Onochie (1998) applied bivariate EGARCH-M modelling and looked at a cross-section of financial futures trading on LIFFE. They found a positive relationship between trading volume and price volatility, as measured by the conditional heteroscedasticity of price change.
In view of this widespread evidence on the relationship between trading volume and volatility, the current study takes it into account in its investigation of the effects of margin requirements adjusted for market volatility on trading activity.
The Greek derivatives market
The 
Methodological issues
This section discusses the univariate and bivariate GARCH-M(p,q) models, which are used to examine the effects of margin changes on trading volume, by taking into account, on the one hand, the effect of conditional volatility of stock returns on margin changes, and on the other hand, the relationship between conditional volatility of stock returns and trading volume. The best univariate GARCH-M(p,q) models are initially selected and these are subsequently used to construct the bivariate GARCH-M(p,q) model. This section also sets up the hypotheses to be tested.
Univariate GARCH-M(p,q) models
The conditional mean and conditional variance equations describing the univariate GARCH-M(p,q) models of stock index returns and the level of trading volume are specified in the following two subsections.
Conditional mean and variance of stock returns
The conditional mean of stock returns equation is specified below as follows: Domowitz & Hakkio, 1985, and Engle, Lilien & Robbins, 1987) . This is a representation for the systematic risk associated with unanticipated movements in interest rates. Greater systematic risk related with unanticipated shifts in the yield curve is reflected in innovations to the futures price change process, which, as a result, directly influences conditional variance in the GARCH equation. Thus, the conditional heteroscedasticity proxies for systematic risk and it is expected that the estimated coefficient, d 1uni , would be negative.
The conditional variance of stock returns equation is specified below as follows:
where α 0uni ≥ 0, and β iuni , γ juni ≥ 0 to ensure h f t > 0. The sum of the coefficients β iuni and γ juni , denote the degree of persistence in the conditional variance given a shock to the system.
The coefficient, δ 1uni , shows the impact of volume and represents the effect of information flow upon price change through the volatility of return, which is in traders' information sets and, as such, is separate from the contemporaneous correlation of the innovations. Consistent with the MDH and many models of sequential information transmission and noisy rational expectations equilibrium, the coefficient, δ 1uni , is expected to have a positive sign. 1 Therefore, the first hypothesis to be tested is set up as follows:
We use lagged volume as an instrument for contemporaneous volume to avoid the problem of simultaneity since lagged values of endogenous variables are classified as predetermined (see e.g. Harvey, 1989) .
Conditional mean and variance of trading volume
The conditional mean of trading volume equations are specified below as follows:
p q
where (1976), and Smirlock and Starks (1985) , and for certain newer classes of noisy rational expectations equilibria, see Blume, Easley and O'Hara (1994) , and Easley, Keifer and O'Hara (1997) .
Volume has deterministic and stochastic constituents as well. as noted in several asymmetric information models of trading volume (see Karpoff, 1986) . The use of the conditional volatility ( ) in volume allows one to separate increases in volume due to informed market participants from the uninformed traders as well as from surprises. If the arrival of new information is associated with increased asymmetry of information among traders and an increase in trading volume and is proxied by h v t , the estimated coefficient, n 1uni , is expected to be positive.
The margin level, m t , on day t, is included to examine the effects of margin requirements on trading volume. As explained in Section 1 if m t is not adjusted for market risk proxied by market volatility, its impact on trading activity will be ambiguous. This is so for increases in market volatility cause an increase in margins, which are a cost to the trader and consequently reduce volume. At the same time, the increases in volatility are likely to lead to increases in volume traded as it is empirically documented in the literature for the futures markets.
In equation (3b) we follow Dutt and Wein (2003) and adjust margins to expected changes in market risk. Dutt and Wein (2003) used the variance of the daily settlement price changes for 20 days before and 20 days after, for each margin change as a proxy for risk. In our study margins are adjusted for market risk, using the lagged conditional variance of the change in daily settlement prices, denoted by h f t-1 . According to Dutt and Wein's (2003) , Fishe end Goldberg's (1986) , and Telser's (1981) interpretations, it is changes in margins at given levels of risk that would inversely affect volume. Based on this rationale, the coefficient, w 2uni , in equation (3b), which examines the effects of margins, when adjusted, on trading volume, is predicted to be negative. Thus, our second hypothesis is set up as follows:
A short-term interest rate, the Euro Overnight Index Average (EONIA) rate, r t , is included to represent the short-term changes in storage and holding costs and may therefore affect volume. 12 The coefficient, y 1uni , is expected to have a negative sign, since an increase in the cost of holding inventories would lead to a reduction in futures market activity.
Time to contract maturity, x t , that is, the number of days until expiration of the contract on day t, affects contract volume and it is therefore included in the model. The Finally, a time-trend variable, t, is included to control for long-term changes in contract interest.
The conditional variance of trading volume equation is specified below as follows:
where ε 0uni ≥ 0, and
The coefficient, θ 1uni , the lagged return in the conditional variance of volume models the informational impact of price on volume. To the extent that price increases signal lower systematic risk, so that there is less hedging and/or speculative activity relative to informationally motivated trade, the expectation is that the coefficient estimate of θ 1uni will be positive. The third testable hypothesis is therefore set up as follows:
Bivariate GARCH-M(p,q) model
This section discusses the bivariate GARCH-M(p,q) model, which is constructed using the best selected univariate GARCH-M(p,q) models. The conditional mean, the conditional variance and conditional covariance equations describing the bivariate GARCH-M(p,q) model are specified below as follows: 
We estimate the models using an iterative procedure based upon the method of Broyden, Fletcher, Goldfarb and Shanno (BFGS) to maximise the log-likelihood function. The quasi-maximum likelihood procedure of Bollerslev and Wooldridge (1992) is also applied, in order to estimate robust standard errors and covariance.
Empirical analysis

Data
The data set comprises daily observations of settlement prices and trading volume, that is, the number of contracts traded, for the nearby futures contract of the FTSE/ASE 20 Index, from August 27, 1999 to December 31, 2005, giving us in total 1,584 observations. The data is collected from the ADEX records. The FTSE/ASE 20
Index comprises of the 20 largest in market capitalisation and most highly traded stocks 2 Including contemporaneous variables results in difficulty of interpretation, more complex asymptotics and less tractable estimation (see Hamilton, 1994) .
of all the companies listed on the ASE. It represents over 50% of ASE's total capitalisation and currently has a heavier weight on banking, telecommunication and energy stocks. indicates the presence of conditional heteroskedasticity.
The volume series is negatively skewed and leptokurtic compared to the normal distribution. It displays significant autocorrelations, which remain large for the ten lags reported. Significant autocorrelations in trading activity series have also been found in many earlier studies including Kavussanos and Phylaktis (2001) 
Estimates of univariate GARCH-M(p,q) models
The following two subsections present the maximum likelihood estimates of the univariate GARCH-M(p,q) models for stock index returns and trading volume. The results of different univariate GARCH-M(p,q) models of stock index returns are reported in Table 5 , while those of trading volume are reported in Tables 6 and 7. Each table has variances. Moreover, if our modelling is correctly specified, the value of the coefficients of skewness and kurtosis of the standardised residuals should be smaller than the value of skewness and kurtosis of the returns series and volume series respectively. Table 5 presents the results for the conditional variance of returns. The sum of coefficients β iuni and γ juni , the past conditional variances and past squared returns respectively, is close to unity, indicating high persistence of volatility over time. The coefficient, δ 1uni , the lagged volume in the conditional variance of returns, is negative and statistically significant at the 5% level in models 1 and 4, and significant at the 10% level in models 2 and 3. 14 This is contrary to our predictions of a positive coefficient, and inconsistent with the MDH and several models of sequential information transmission and noisy rational expectations equilibrium. Therefore, the first hypothesis tested, H1, is rejected. Jacobs and Onochie (1998) find positive and significant coefficients in all 6 futures contracts examined.
Results of conditional mean and variance of stock returns
Panel C of Table 5 contains the model diagnostics. The Ljung-Box statistics Q(20) and Q 2 (20) of the standardised and squared standardised residuals respectively exhibit no serial correlation, in all four models, implying that the models are well specified. Moreover, the coefficients of skewness (m 3 ) and kurtosis (m 4 ) of the standardised residuals exhibit a smaller value, than the skewness and kurtosis of the returns series respectively, further implying that the models are correctly specified.
Based primarily on the AIC and SIC information criteria, but also taking into account all the other conditions described above, model 1, the GARCH-M(1,1)- Although the leverage effect coefficient, ξ 1uni , is found to be negative and statistically significant at the 5% level, indicating the existence of an asymmetric effect in returns, model 4, the EGARCH-M(2,1)-ARMA(1,0) model, is not superior to GARCH-M(1,1)-ARMA(1,0) model, using the AIC and SIC information criteria. In addition, the estimation of trading volume using the univariate EGARCH-M specification failed to converge, and as a result we could not employ an EGARCH-M specification for the bivariate model. Fishe and Goldberg (1986) find that a 10% increase in margins would increase volume traded by 14.62%, using a 3-to 5-day window around margin changes. On the other hand, Hartzmark (1986) find that in only 4 of 13 contract days did volume move negatively and significantly in the opposite direction, using a 15-day window around margin changes. Dutt and Wein (2003) find statistically positive and/or insignificant relationships between volume and margins, using a 20-day window around margin changes.
Results of conditional mean and variance of trading volume
The coefficient, y 1uni , the EONIA rate, r t , is found to be negative but statistically insignificant, failing to support the view that an increase in the cost of holding inventories would lead to a reduction in futures market activity. This result might reflect the relatively low interest rates that prevailed in the Eurozone during the sample period.
Looking at the results of earlier studies Dutt and Wein (2003) Finally, a time-trend variable, t, included to control for long-term changes in contract interest is found to be statistically insignificant.
Panel B of Table 6 presents the results for the conditional variance of volume.
The sum of coefficients ζ iuni and η juni , the past conditional variances and past squared returns respectively, is less than 1, and therefore has a stationary variance.
The coefficient, θ 1uni , the lagged return in the conditional variance of volume, is negative, contrary to our expectations of a positive coefficient, but it is statistically insignificant. The lagged return models the informational impact of price on volume, and to the extent that price increases signal lower systematic risk, there is less hedging and/or speculative activity relative to informationally motivated trade. Therefore, the third hypothesis tested, H3, is rejected. This result is in contrast to Jacobs and Onochie (1998), who find positive and significant coefficients in all futures contracts examined.
Panel C of Table 6 contains the model diagnostics, which confirm that the conditional mean and variance equations of volume are well specified. it is shown in models 3 and 4, the conditional mean equation becomes well specified, as the Ljung-Box statistic Q(20) exhibits no serial correlation.
We were able to further improve on models 3 and 4, and as previously shown, model 5, the GARCH-M(1,1)-ARMA(1,3) model was considered as the most appropriate model, based mainly on the values of the AIC and SIC information criteria, but also taking into consideration all the other conditions. Panel C of Table 7 , which contains the model diagnostics, shows that model 5 is well specified. This univariate model is subsequently used to construct the bivariate GARCH-M(p,q) model.
There are few differences regarding the coefficients between model 5, the preferred model in Table 6 where is unadjusted and model 5, the preferred model in Table 7 , where is adjusted. In the latter the coefficient, n 1uni , the conditional variance, Thus, by adjusting margins for market risk we find them not to have an impact on trading volume. Thus, the second hypothesis tested, H2, is rejected. This is in contrast to the results of Dutt and Wein (2003) , who document a statistically significant inverse relationship between margin changes and trading volume for all futures contracts examined. The results on the remaining coefficients, that is, the margin level variable, m t , the EONIA rate variable, r t , time to contract maturity variable, x t , and time-trend variable, t, are similar to the results reported for the univariate model, and therefore we will not repeat the comments. In effect, m t , the variable of most interest to our examination, is found to be negative and statistically significant at the 5% level, when margins are not adjusted for underlying price risk.
Estimates of bivariate GARCH-M(p,q) model
Panel B of model 1 presents the results for the conditional variances of returns
and volume and the conditional covariance between returns and volume. The sum of the coefficients of the past conditional variances and past squared returns, for both the conditional variances of returns and volume, is less than 1.
The coefficient, δ 1biv , the lagged volume in the conditional variance of returns, is negative and statistically insignificant, unlike the negative and significant coefficient found in the univariate model, but still inconsistent with our expectations of a positive coefficient. The coefficient, θ 1biv , the lagged return in the conditional variance of volume, is also negative and statistically insignificant, as in the univariate model, but still inconsistent to our predictions of a positive coefficient. Therefore, the two hypotheses tested, H1 and H3, are both rejected.
The coefficient, i 0biv , in the conditional covariance, which measures the contemporaneous correlation between price change and volume, is negative and statistically significant at the 5% level, inconsistent with the MDH, several sequential information, and noisy rational expectations models, which suggest that this coefficient should be positive. Therefore, the fourth hypothesis tested, H4, is rejected. This is in contrast to Jacobs and Onochie (1998) , who find positive and statistically significant coefficients in all futures contracts examined. However, similar results to ours have also been found in the equities markets in Darrat, Rahman and Zhong (2003), who examined the contemporaneous correlations between volumes and return volatility in all 30 stocks comprising the DJIA, and found positive statistically significant correlations in only 3 stocks and negative correlation in 8 stocks.
The negative relationship found in the Greek market might be due to excessive noise trading compared to informed trading in the futures market. According to Liu (2007) , who examined the different roles played by the two components of trading volume, informed trading and liquidity trading, in the volume-volatility relation using a marketwide private information arrival rate based on Easley et al. (1995) The results of model 2 are similar to the results of model 1 and therefore we will not repeat the comments. As in the univariate model, coefficient, w 2biv , which examines the effects of margin requirements on trading volume, after margins are adjusted for underlying price risk, using the lagged conditional variance of returns, denoted as h f t-1 , is found to be positive and statistically insignificant, failing to find an inverse association between margins and volume traded. This is in contrast to Dutt and Wein's (2003) findings who document a statistically significant inverse relationship between margin changes and trading volume. Thus, the second hypothesis tested, H2, is rejected.
As mentioned at the beginning of this subsection, the results in model 3, when margins are adjusted by the conditional variance of returns lagged twice, denoted as h Cornell, 1981) , the coefficient, w 2biv , is found to be negative but still statistically insignificant. The remaining of the results are similar to those of the initial model 2.
Summary and main policy conclusions
The effects of margin requirements on financial markets are not only of interest to academics, but are of practical concern to policy makers. Empirical studies carried out so far have not been able to conclusively resolve the debate on the effects of margin requirements on financial markets.
The current study has added two different dimensions to the examination of margin requirements on trading volume, which should make one treat the results of previous studies with caution. On the one hand, previous research, has generally neglected to consider that margin requirements change in response to changes in price volatility, and on the other hand, they did not take into account the relationship between price volatility and trading volume.
In our analysis, we employ a bivariate GARCH-M(p,q) model, which is constructed using the best selected univariate GARCH-M(p,q) models. We examine the effects of margin changes on trading volume, using the most liquid futures contract traded in the Greek derivatives market, the FTSE/ASE 20 Index nearby futures contract, for the period August 27, 1999 to December 31, 2005.
The empirical results can be summarised as follows: An association between margin changes and trading volume is not found, when margins are adjusted for underlying price risk, using the lagged conditional variance of stock returns, and against the expectations of a negative relationship. This association remains also statistically insignificant, when margins are adjusted by the conditional variance of stock returns lagged twice, and when separately incorporating the lagged conditional variance of stock returns in the conditional mean of trading volume. This highlights the importance of adjusting margin requirements for risk and casts doubts on the results of previous studies which did not allow for these inter-relationships. Regarding the relationship between volatility of stock returns and trading volume, we find a contemporaneous correlation which is negative and statistically significant. As we have explained this could be due to the lack of substantial informed trading in the market.
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